INTRODUCTION
Cows in Dairy Herd Improvement Association (DHIA) herds in the northeast United States currently are evaluated by the Northeast A -1 estimated transmitting ability (NEA -1 ETA) procedure (2, 5) . This method uses Henderson's mixed model equations (3) to obtain best linear unbiased predictions (BLUP) of the additive genetic values of all cows in a particular herd. The predicted genetic values then are halved to arrive at predictions of cows' transmitting abilities. The procedure uses all records on all cows in a herd and incorporates information from proofs of any artificial insemination (AI) sires having progeny in that herd, including the sires' predicted transmitting abilities and the number of daughter records used to evaluate the bulls (5, 6) .
The NEA -1 ETA evaluations aid the dairyproducer in choosing which cows to rebreed so that they may have another lactation and also which cows to breed to produce replacement females. The evaluations also might be used by an AI organization for selecting dams of bulls. The AI stud wants to mate its best bulls to the best cows in the population, keeping the male offspring for progeny testing. Because an AI buli has the possibility for wide use, the best possible parents should be chosen for such a sire. The primary objective of this study was to examine the accuracy of the NEA -1 ETA evaluations when they are used to compare genetic values of cows from different herds as against comparing genetic values of cows from within the same herd. If there is not a substantial loss of accuracy when cows from different herds are compared, then an AI stud may use these evaluations to select dams of bulls with more confidence. For Henderson's mixed model equations and BLUP of random effects, a measure of accuracy associated with these predictions is the variance of prediction errors, i.e., var(~ -u), where u is a random effect in the model with mean 0 and variance O2u. Variance of prediction errors is a desirable standard of accuracy, because it gives a measure of dispersion of the predictors about the true predictands and can be calculated from the elements of the inverse of the coefficient matrix of the mixed model equations (3, 4) .
In our study, cows from pairs of herds were evaluated simultaneously by the NEA -1 ETA procedure, and variances of prediction errors of differences of genetic value between cows from different herds were compared to variances of prediction errors of differences of genetic value between cows from the same herd.
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where y is a vector of all 305-day, mature equivalent (ME) lactation records on all cows in a herd, X is a design matrix relating fixed effects in vector/3 to the records, /3 is a vector of fixed year-season effects, (Z O) is a design matrix relating random ef-[al 1 fects in vectors to lactation records,
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al is a vector of random additive genetic effects of all cows in the herd with records, a2 is a vector of random additive genetic effects of all AI sires with daughters in the herd, p is a vector of random nonadditive genetic and permanent environmental effects of all cows with records, and e is a vector of random residual terms associated with the lactation records. where t = (1 -r)/h 2, k = (1 -r)/(r-h2), D is a diagonal matrix of the additions made to the diagonal elements of the sire equations, and Q is a diagonal matrix of the adjustments made to AI sire's breeding values (3) when they are incorporated as described in equation [6] (1, 5). The AiJ is a submatrix of the inverse of the numerator relationship matrix for the, cows and sires in the herd. The solution of this set of mixed model equations (MME) yields BLUP of the additive genetic values of all cows in the herd with records. These procedures can be extended to handle simultaneous evaluation of any two herds. Now /3 will be a vector of fixed herd-year-season (HYS) effects representing all year-seasons from both herds in which cows had records. That no cow has a daughter in the other herd and that no cow has records in two herds are assumed. Additive genetic values of cows to be evaluated from both herds will be in al. The records are sorted so that all cows from one herd will appear first in al and cows from the other herd will follow. Genetic values of all sires used in either one or both herds will be in a2. Finally, p will represent the nonadditive genetic plus permanent environmental effects for cows in both herds. The order of animals in p is the same as in a 1. Because Z'Z + Ik is a diagonal matrix, equations for ~ can be absorbed into equations for 3 and ~t 1. This reduces the set of equations to be solved to [5] where c22,ii represents the i th diagonal element of C22; c22,jj represents the jth diagonal element of C22; and c22,ij represents the i,jth offdiagonal element. Diagonal elements of C220e 2 represent variances of prediction errors of individual elements of al, and off-diagonal elements represent covariances (3, 4) . All expressions for variances of prediction errors involve the scalar Oe 2, the residual variance. Therefore, in comparing variances of different functions, only the magnitude of functions of elements of the inverse need be compared.
COMPUTATIONAL PROCEDURES
Twenty pairs of herds were selected randomly from each of the Holstein, Jersey, and Brown Swiss breeds. Herd size was limited to 100 cows because of limited computer storage. For each pair of herds, a set of mixed model equations of the form in [3] was constructed (5) . A list of AI sires used in one or both herds was compiled simultaneously. Estimating transmitting abilities and numbers of daughter records for all proven AI sires used in either herd were obtained from an AI sire file. This information was used to calculate diagonal elements and right-hand sides of the sire equations according to Henderson where n is the number of daughter records and v is the site's estimated transmitting ability, If the sire was not a proven AI sire, these elements remained zero (1, 5) . The inverse of the numerator relationship matrix (A -1) was computed by Henderson's rapid method (5) . Elements of A -1 multiplied by t were added directly to the corresponding elements of the coefficient matrix of the MME already stored in core. The addition of A-it to the left-hand sides completed construction of the MME. The inverse of the coefficient matrix was computed and stored in core. Variances of prediction errors of differences in genetic values between pairs of cows within a herd or from the two different herds were calculated as linear functions of elements of this inverse,
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RESULTS AND DISCUSSION
The primary objective was to examine the accuracy of the NEA -1 ETA cow evaluations for comparing genetic values of cows from different herds and within a single herd. The standard of accuracy was the variance of prediction errors of the difference of genetic value between pairs of cows, from hereon referred to as the variance of prediction errors. Pairs of cows compared were classified as within herd, i.e., both cows from the same herd, or across herds, i.e., each cow from a different herd. An average of variance of prediction errors was calculated for each classification in each breed and the difference between classification averages within each breed was tested for significance.
Each of the breeds, Holstein, Brown Swiss, and Jersey, were evaluated separately, but the same procedures were applied to all. Within each breed, 20 pairs of herds were selected randomly, and from within each pair of herds 20 pairs of cows were chosen randomly. Each pair of cows was classified within herd or across herds, and the variance of prediction errors was computed for each pair. If the selection process resulted in either classification having less than three pairs of cows, a new random sample of animals was drawn from that pair of herds. Once a suitable sample had been drawn, the average variance of prediction errors within each classification was calculated.
Let Xij represent the average variance of prediction errors for the i th classification and jth pair of herds. We assumed that Tables 1 to 3 include the weighted averages for each classification at the bottom. Table 4 gives the weighted averages for each classification in each breed, the pooled estimates of the residual variance associated with these weighted averages for each breed and the resulting test statistic. All tests were conducted with a Type I error of .05 ; the critical value of t was 2.025. The test statistic failed to exceed the critical value in all three cases so the null hypothesis ~q =/a 2 was not rejected for any of the breeds. The weighted average for across classifications was greater than that for within classifications in all three breeds, but none of the differences was significant. This indicated that the average ducing abilities for all cows in a herd based on all records. Inclusion of AI sire evaluations in the procedure tie the cow evaluations to the mean of the same base population from which the sire evaluations are deviated. Results of this study indicate that comparisons of cows' genetic values based on their NEA -1 ETA evaluations are nearly as accurate for cows from different herds as for cows from the same herd. Therefore, an AI stud that wants to choose the best cow from a group of cows from different herds can do so with nearly the same confidence as a dairy producer who must choose a cow from the same size group in his own herd. Although the ideal way to evaluate dairy cows would be to evaluate all animals in a particular breed and regional subpopulation simultaneously, this is not yet computationally feasible. Such a method would allow direct comparison of all animals. Currently the NEA -1 ETA evaluations provide a working alternative that may be used to make both interherd and intraherd comparisons with nearly the same confidence.
